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PROBLEM TO BE SOLVED: To allow a glass/ceramic substrate to 
contract only in the thickness direction during sintering, while 
preventing contraction in the plane direction by mounting green sheets 
on both surfaces of a pre-sintering multi-layer glass/ ceramic substrate 
for forming a laminate and then sintering it. 
SOLUTION: A multi-layer glass/ceramic substrate green laminate 
comprising on its both surfaces a green sheet 1 comprising a 
composition containing at least one kind of quartz, cristobalite and 
tridymite or a composition containing a sintering assisting agent, or a 
green sheets 1 comprising a composition containing a tridymite which 
is sintered at a sintering temperature of a multi- layer glass/ceramic 
substrate material and an oxide which is not sintered in the sintering 
process, is sintered. By removing the compositions on both surfaces, 
a multi-layer glass/ceramic substrate is obtained. Thus, the change in 

sizes between before sintering and after sintering are canceled out, so that a substrate without contraction 
in the plane direction is obtained. 
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damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention carries Semiconductor LSI, a chip, etc. and relates to the 

manufacture method of the multilayer glass ceramic substrate for carrying out mutual wiring of them. 

[0002] 

[Description of the Prior Art] In recent years, small and lightweight-ization are desired also for the wiring substrate in 
which small and lightweight-ization are progressing to and Semiconductor LSI, a chip, etc. mount these, the high- 
density wiring demanded obtains the multilayered ceramic substrate which allotted the internal electrode etc. in the 
substrate to such a demand - having ~ in addition - and in today's electronics industry, it is seriously taken by that 
thin-shape-izing is possible 

[0003] the conductor as an electrode material used for a multilayered ceramic substrate - generally constituents are a 
conductive metal, an inorganic oxide, and a paste-like constituent with which the end of a glass powder is distributed in 
the organic medium As a conductor material, electric resistance is low and the gold which can be safe also for the 
facility which can be used and can manufacture it easily, silver, copper, and palladium are used. The low-temperature 
baking glass ceramic has been developed as these metals and a ceramic material which can carry out simultaneous 
baking. 

[0004] A multilayer glass ceramic substrate produces the contraction accompanying sintering in baking process. A 
shrinking percentage and the contraction direction change with the inorganic material for substrates which uses this 
contraction, green-sheet composition, a fine-particles lot, a circuit pattern, internal-electrode material, dielectric 
materials to build in. This has produced the problem of the strut set to production of a multilayer glass ceramic 
substrate. 

[0005] Although the shrinking percentage of a substrate must be first counted backward and made in the first place in 
case the screen version for internal-electrode printing is produced in the first place, the shrinking percentage of a 
substrate will change on condition that the above. For this reason, the screen version must be repeatedly remade 
according to each manufacture lot, and is uneconomical. Furthermore, the electrode of a larger area than required must 
be formed so that a contraction error may be permitted beforehand, and high-density wiring becomes impossible. 
[0006] When forming [ second ] a capacitor with a big capacity in the interior of a substrate for the miniaturization of a 
multilayered ceramic substrate, you have to carry out simultaneous baking of substrate material and the dielectric 
materials. If the shrinking percentages of the direction of a flat surface of substrate material and dielectric materials 
differ at this time, the substrate front face of a portion in which the dielectric was formed will be dented. For this 
reason, it becomes difficult to mount parts in a substrate front face. 

[0007] As for the multilayer glass ceramic substrate produced by the third by the green-sheet laminated layers method, 
the contraction of the cross direction and a longitudinal direction changes with directions of film formation of a green 
sheet. This has also been the obstacle of multilayer glass ceramic substrate production. 

[0008] In order to lessen change of these contraction if possible, of course, investigating the inclination of the shrinking 
percentage of the substrate by the circuit design needs to manage enough laminating conditions, such as management of 
substrate material and green-sheet composition, a difference in a fine-particles lot, press **, and temperature, also in a 
manufacturing process. However, generally it is said that about **0.5% of errors of a contraction exists. 
[0009] This is a technical problem common to the thing accompanied by sintering of a ceramic, a glass ceramic, etc. 
irrespective of a multilayer glass ceramic substrate. Then, the request number-of-sheets laminating of what formed the 
electrode pattern in the green sheet which consists of a low-temperature baking glass ceramic in JP,7-46540,B and 
JP,5-102666,A was carried out, the laminating was carried out so that it might insert and might be crowded with the 
burning temperature of the aforementioned low-temperature baking glass ceramic substrate material on both sides or 
one side of this layered product by the green sheet which consists of inorganic composition which is not sintered, the 
aforementioned layered product was calcinated, and invention of removing the inorganic composition which is not 



sintered after an appropriate time was made. By these, only the thickness direction can produce the substrate to which 
contraction takes place and contraction of the direction of a flat surface does not take place, and can solve the above 
technical problems. 
[0010] 

[Problem(s) to be Solved by the Invention] Although the substrate to which contraction of the direction of a flat surface 
does not take place is produced by the above methods, a problem is in the point of the removal of inorganic 
composition which carried out the laminating to both sides or one side of a low-temperature baking glass ceramic 
layered product at this method. In aforementioned JP,7-46520,B, more than a kind is used for non-sintered inorganic 
composition at least among an alumina, a zirconium oxide, alumimium nitride, boron nitride, the mullite, and the 
magnesium oxide. These are stuck to the substrate front face after baking, and must be removed with a brush etc. 
However, removing with a brush one by one takes time and effort very much. In aforementioned JP,5- 102666, A, more 
than a kind is used at least as inorganic composition which is not sintered [ this ] among aluminum 203, and MgO, 
Zr02, Ti02, BeO and BN. These are stuck to the substrate front face after baking, and in order to remove, they must 
perform ultrasonic cleaning, however ~ if all non-sintered inorganic composition is dropped on ultrasonic cleaning ~ 
time - starting - a process usual also in process - one-step floor ~ it will increase As a method of solving this 
technical problem, it replaces with the aforementioned inorganic composition in JP,5-327218,A, and at the sintering 
temperature of glass ceramic substrate material, after carrying out the laminating of the glass which crystallization does 
not take place but is crystallized above the crystallization end temperature of the glass in glass ceramic substrate 
material to both sides or one side, the manufacture method of the multilayered ceramic substrate which calcinates this 
is indicated. According to this method, removal of the laminated material for preventing contraction of the direction of 
a flat surface does not need to perform ultrasonic cleaning. However, by this method, since fine particles were only 
hardened and the laminated material has stuck to the substrate front face, in the point of removal of a laminated 
material, there is still a problem. Since it must furthermore heat-treat at an elevated temperature further after baking of 
a glass ceramic, problems, like an opening is made between an electrode and a substrate arise. 
[001 1] In consideration of the technical problem of such a conventional manufacture method, this invention has few 
processes and aims at offering the manufacture method of a multilayered ceramic substrate that contraction of the 
direction of a flat surface does not take place. 
[0012] 

[Means for Solving the Problem] Such a purpose is attained by this invention of following the (1) - (9). 
[0013] (1) The manufacture method of the multilayer glass ceramic substrate characterized by being the manufacture 
method of a multilayer glass ceramic substrate that the conductor or the conductor, and the capacitor were formed in 
the interior, carrying the green sheet which becomes both sides of the multilayer glass ceramic substrate before baking 
from a quartz, a cristobalite, and the constituent of a tridymite that contains a kind at least, forming a layered product, 
and calcinating this. 

[0014] (2) The manufacture method of the multilayer glass ceramic substrate of (1) that the green sheet carried in both 
sides of the aforementioned multilayer glass ceramic substrate is characterized by containing a sintering acid. 
[0015] (3) The manufacture method of a multilayer glass ceramic substrate given in (2) characterized by being the 
oxide with which the aforementioned sintering acid softens below at the sintering start temperature of a glass ceramic 
substrate, or generates the liquid phase. 

[0016] (4) The manufacture method of a multilayer glass ceramic substrate given in (3) whose aforementioned sintering 
acid is any one or more sorts of lead-silicate aluminum glass, lead-silicate alkali glass, lead-silicate alkaline-earth glass, 
HOU lead-silicate glass, HOU silicic acid alkali glass, boric-acid aluminum lead glass, boric-acid lead alkali glass, 
boric-acid lead alkaline-earth glass, and boric-acid lead zinc glass. 

[0017] (5) The manufacture method of a multilayer glass ceramic substrate given in (2) to which the aforementioned 
sintering acid is characterized by being an alkali metal compound. 

[0018] (6) The manufacture method of a multilayer glass ceramic substrate given in the claim characterized by to be the 
manufacture method of a multilayer glass ceramic substrate that the conductor or the conductor, and the capacitor were 
formed in the interior, to carry the green sheet which consists of a constituent containing the tridymite sintered in the 
baking process of a multilayer glass ceramic substrate to both sides of the aforementioned glass ceramic substrate 
before baking, and the oxide which is not sintered in the baking process of a multilayer glass ceramic substrate, to form 
a layered product, and to calcinate this. 

[0019] (7) The manufacture method of a multilayer glass ceramic substrate given in (6) characterized by the oxide 
which is not sintered in the baking process of the aforementioned multilayer glass ceramic substrate being any one or 
more sorts of a quartz, a fused quartz, an alumina, a mullite, and the zirconia. 

[0020] (8) The manufacture method of the multilayer glass ceramic substrate of (1) - (7) characterized by removing a 
double-sided constituent after baking. 



[0021] (9) The manufacture method of a multilayer glass ceramic substrate given in (1) - (8) characterized by 

calcinating by pressurizing the aforementioned green-sheet layered product at the time of baking. 

[0022] 

[Embodiments of the Invention] this invention obtains the multilayer glass ceramic substrate to which contraction of 
the direction of a flat surface does not take place by calcinating the multilayer glass ceramic substrate green layered 
product which has the green sheet which consists of a quartz, a cristobalite, and a constituent of a tridymite that 
contains a kind at least, the green sheet which consists of the aforementioned constituent containing a sintering acid, or 
the green sheet which consists of a constituent containing the tridymite sintered with the burning temperature of 
multilayer glass ceramic substrate material, and the oxide which be sintered in baking process to both sides, and 
removing a double-sided 

[0023] In this invention, the manufacture method in the case of using the green sheet which consists of a quartz, a 
cristobalite, and a constituent of a tridymite that contains a kind at least is explained. 

[0024] the green-sheet top which added and produced the organic binder, the plasticizer, etc. into glass ceramic 
material a conductor - an electrode pattern is formed with a paste constituent and a multilayer glass ceramic layered 
product is produced by predetermined carrying out the number-of-sheets laminating of these sheets, and multilayering 
so that it may become a desired circuit pattern After an appropriate time, the laminating of the green sheet which 
becomes both sides of the aforementioned glass ceramic layered product from a quartz, a cristobalite, and the 
constituent of a tridymite that contains a kind at least is carried out. Thermocompression bonding of this is carried out 
and a green layered product is produced. And after carrying out ** binder processing of the organic substance of the 
aforementioned layered product and performing the usual baking, a substrate without contraction of the direction of a 
flat surface is obtained by removing the inorganic composition which is not sintered [ double-sided ]. This is based on 
the following reasons. 

[0025] In order not to sinter the aforementioned constituent in the burning temperature of multilayer glass ceramic 
substrate material, contraction does not take place. Since the multilayer glass ceramic layered product has stuck with 
the sheet which consists of the aforementioned constituent, it cannot contract in the direction of a flat surface at the 
time of baking, but only as for the thickness direction, contraction takes place as the whole substrate. In addition, 
although the aforementioned constituent requires stress in the direction in which coefficient of thermal expansion 
expands the flat surface of a substrate greatly, since the aforementioned constituent does not sinter, when the particle in 
a sheet moves, the stress is eased and expansion of the direction of a flat surface of a multilayer glass ceramic substrate 
does not happen as a result. 

[0026] Moreover, the aforementioned constituent has the transformation point from which thermal-contraction 
behavior changes rapidly. For this reason, in the baking process of a multilayer glass ceramic substrate, rapid stress 
arises between substrates during cooling. Therefore, it is possible to remove easily the aforementioned constituent 
which was scratched and carried out the laminating to both sides by the chute etc. from the multilayer glass ceramic 
layered product even if it did not perform ultrasonic cleaning. 

[0027] As for the aforementioned constituent, it is desirable to contain the sintering acid. This reason is that the 
aforementioned constituent which carried out the laminating to both sides can sinter in the shape of a sheet, the 
aforementioned constituent can be stripped from a multilayer glass ceramic substrate front face in the state of a sheet 
after baking, and removal becomes still easier. When not adding a sintering acid, the aforementioned constituent is not 
sintered in the baking process of a multilayer glass ceramic substrate, but exists in the state of fine particles on the 
surface of a substrate. This stress may be eased, even if stress is applied between glass ceramic substrates in a phase- 
transformation point, since a particle can be moved during cooling if it is in the state of fine particles. On the other 
hand, by carrying out the laminating of the constituent containing a sintering acid to both sides, such a problem can be 
avoided and it becomes possible to remove a double-sided constituent more easily. In addition, when it contains a 
sintering acid, it is thought that the following phenomena have occurred in baking process. A quartz, a cristobalite, and 
a tridymite have a large coefficient of thermal expansion compared with about 20 ppm [ degree C ] /, about 50 ppm 
[ degree C ] /and degree C, about 40 ppm /, and multilayer glass ceramic substrate material respectively. In baking 
process, in order to influence [ by which the laminating was carried out to both sides ] glass ceramic substrate material 
of a big coefficient of thermal expansion of the aforementioned constituent, the area of the direction of a flat surface 
becomes large. However, in order to calcinate this and to contract, the dimensional change baking before and after 
baking will be offset as a result, and a substrate without contraction of the direction of a flat surface will be obtained. 
[0028] The oxide which becomes soft below at the sintering start temperature of a multilayer glass ceramic substrate, or 
generates the liquid phase as a sintering acid is used. When it sinters in order for the particles of the aforementioned 
constituent to join together when the former is used, and an additive becomes soft, and the latter is used, it will sinter, 
in order for the particle front face of the aforementioned constituent to react and for particles to join together, when an 
additive generates the liquid phase. Although not limited especially as such an oxide, any one or more sorts of lead- 



silicate aluminum glass, lead-silicate alkali glass, lead-silicate alkaline-earth glass, HOU lead-silicate glass, HOU 
silicic acid alkali glass, boric-acid aluminum lead glass, boric-acid lead alkali glass, boric-acid lead alkaline-earth glass, 
and boric-acid lead zinc glass are desirable. 

[0029] Moreover, you may use an alkali metal compound as a sintering acid. There is an effect to which advance of 
sintering of Si02 is urged in an alkali metal compound. Therefore, a quartz, a cristobalite, and the constituent of a 
tridymite that contains a kind at least will be sintered by adding an alkali metal compound. Although such a compound 
especially is not limited, a lithium carbonate, potassium carbonate, a sodium carbonate, a lithium oxide, a potassium 
oxide, etc. are desirable. 

[0030] Next, by calcinating the multilayer glass ceramic substrate green layered product which has the tridymite 
sintered in the baking process of a multilayer glass ceramic and the green sheet which consists of a constituent 
containing the oxide which is not sintered in the baking process of a multilayer glass ceramic to both sides in this 
invention, and removing a double-sided constituent after that explains how to obtain the multilayer glass ceramic 
substrate to which contraction of the direction of a flat surface does not take place. 

[0031] A tridymite can change various sintering temperature by selection of composition. Stress produces a tridymite 
on a boundary with a substrate by sintering. However, the coefficient of thermal expansion of a tridymite is large, and a 
coefficient of thermal expansion reaches [ degree C ] in 40 ppm /depending on temperature. For this reason, there is a 
differential thermal expansion with glass ceramic material (about 3-10 ppm/(degree C)) too much, and it may peel 
before sintering. In order to prevent this, the oxide which is not sintered with the burning temperature of multilayer 
glass ceramic substrate material is added, and a coefficient of thermal expansion is adjusted, and it is made to peel 
automatically in the state of a sheet after sintering. Thereby, even if it does not perform ultrasonic cleaning, removal 
from a glass ceramic layered product becomes easy. In addition, the situation of baking in this case is considered that 
the same phenomenon as the case where what added the sintering acid is used for a quartz, a cristobalite, and the 
constituent of a tridymite that contains a kind at least has occurred. In addition, the tridymite sintered in the baking 
process of a ceramic is producible by heat-treating by adding an alkali metal compound to a quartz etc. 
[0032] Moreover, although not limited especially as an oxide which is not sintered in the baking process of a glass 
ceramic substrate, a quartz, a fused quartz, an alumina, a mullite, a zirconia, etc. are used preferably. 
[0033] The green sheet which consists of a quartz, a cristobalite, and a constituent of a tridymite that contains a kind at 
least, Or the green sheet which consists of the aforementioned constituent containing a sintering acid, At or the time of 
baking of the multilayer glass ceramic substrate green layered product which it has to both sides, the green sheet which 
consists of a constituent containing the tridymite sintered with the burning temperature of multilayer glass ceramic 
substrate material, and the oxide which is not sintered in baking process If it calcinates pressurizing, the curvature of a 
substrate can be suppressed, and the degree of sintering of the thickness direction is promoted further, and a precise 
sintered compact can be obtained. What is necessary is to carry the board for a load which does not react as the method 
of pressurization baking at the time of the aforementioned layered product and baking, and just to calcinate. 
[0034] In addition, in the above-mentioned explanation, multilayer glass ceramic substrate material is the mixture of 
glass and the aggregate. Although especially the multilayer glass ceramic substrate material used for this invention is 
not limited, the mixture of alumina silicic acid alkaline-earth glass and an alumina etc. can use it suitably. 
[0035] Moreover, that it can sinter at low temperature as an electrode material, that an electrical property is good, silver 
since it is cheap and is easy to treat industrially, silver-palladium, copper, etc. are used. 

[0036] In forming an internal capacitor in the aforementioned multilayered ceramic substrate furthermore, it forms the 
dielectric paste which consists of a perovskite compound and a vehicle by print processes etc. What is necessary is just 
to perform the formation method of an internal-electrode pattern and an internal capacitor, and the manufacture method 
of the layered product of a multilayered ceramic substrate according to the conventional various methods. Although the 
amount of dielectric soma might dent after calcinating, since the contraction of substrate material and the dielectric 
materials for capacitor section formation is different when it had the capacitor section inside a substrate, a surface 
depression can be suppressed by applying the manufacture method of this invention. 

[0037] Baking of a multilayer glass ceramic layered product is usually performed by the 700 degrees C - 1 100 degrees 
C temperature requirement in 5 minutes - 4 hours. In using copper as an internal electrode especially, when using 950 
degrees C or less and silver, it calcinates below 930 degrees C. 

[0038] In addition, the manufacture method of a multilayer glass ceramic layered product is not limited to the sheet 
method, and can be changed variously. For example, you may use methods, such as print processes. Moreover, it does 
not matter after producing a glass ceramic layered product by the sheet method, print processes, etc., even if it produces 
a layered product by carrying out the laminating of the glass ceramic material by the sheet method, print processes, etc. 
on the constituent green sheet which may print the constituent paste which prevents contraction of the direction of a flat 
surface to both sides, and prevents contraction of the aforementioned flat-surface direction, and carrying out the 
laminating of the aforementioned constituent green sheet to the best layer again. 



[0039] 

[Example] Hereafter, the example of this invention is explained with reference to a drawing. Drawing 1 and 2 are 
drawings showing the cross section of the multilayer glass ceramic substrate in the example of this invention. 
[0040] (Example 1) As a glass ceramic of substrate material, the constituent the end of a Si02-aluminum203-CaO- 
BaO-MgO glass powder and whose alumina powder are 70 to 30 in a volume ratio was used. This glass ceramic 
powder was made into the mineral constituent, and as an organic binder, the phthalic ester was mixed as acrylic resin 
and a plasticizer, the mixed liquor (30 to 70-fold quantitative ratio) of toluene and ethyl alcohol was mixed as a solvent, 
and it considered as the slurry. The sintering start temperature of this glass ceramic was 800 degrees C. 
[0041] Sheet fabrication of this slurry was carried out on the organic film by the doctor blade method. In this way, the 
silver paste and the dielectric paste were used for the obtained green sheet, and formation of a conductor pattern and 
formation of a capacitor were performed with screen printing, a conductor ~ the vehicle which the paste made the 
mineral constituent Ag powder (3.5 micrometers of mean particle diameters), and melted the acrylic resin which is an 
organic binder of all [ TEREPINE ] and butyl carbitol acetate - in addition, what was mixed so that it might become 
moderate viscosity with 3 rolls was used a dielectric paste « perovskite compound the vehicle which made the mineral 
constituent Pb(Mgl/3Nb 2/3) 03-PbTi03 powder (0.6 micrometers of mean particle diameters), added the sintering 
acid, and melted the acrylic resin which is an organic binder of all [ TEREPINE ] and butyl carbitol acetate — in 
addition, what was mixed so that it might become moderate viscosity with 3 rolls was used 

[0042] Next, quartz powder (1.9 micrometers of mean particle diameters) was made into the mineral constituent, and as 
an organic binder, the phthalic ester was mixed as acrylic resin and a plasticizer, the mixed liquor (30 to 70-fold 
quantitative ratio) of toluene and ethyl alcohol was mixed as a solvent, and it considered as the slurry. The sheet was 
fabricated for this slurry by the same method as the green sheet for substrates. Both the thickness of the aforementioned 
green sheet for substrates and a quartz green sheet was about 200 micrometers. 

[0043] The predetermined number-of-sheets pile and the green sheet which becomes both sides of the best layer and the 
lowest layer from quartz powder further were piled up for what performed printing of the dielectric paste for a 
conductor pattern and capacitors to the aforementioned green sheet for substrates. Thermocompression bonding was 
carried out in this state, and the layered product was formed. Temperature was made thermocompression bonding 
conditions 50 degrees C, and the pressure was made into 100 kg/cm2. The composition of this substrate is shown in 
drawing 1 . Two or more sheet laminating of the green-sheet layer 1 by the aforementioned substrate material is carried 
out, the green-sheet layer 2 which consists of quartz powder as a sheet for suppressing contraction of the direction of a 
flat surface to the both sides is formed, and the internal-electrode layer 3 and the dielectric layer 4 are formed in the 
interior of a substrate. 

[0044] Next, the aforementioned layered product was carried and calcinated to the alumina setter. At the belt furnace, 
baking conditions performed the ** binder back at 350 degrees C among air, and performed baking for 10 minutes at 
900 degrees C. It calcinated by [ as carrying an alumina sintering board and pressurizing ] in order to prevent the 
curvature of a substrate at this time and to help sintering contraction of the thickness direction. 
[0045] Although the constituent sheep sintered compact for the direction shrinkproofing of a flat surface of a ceramic 
substrate existed in both sides of the ceramic layered product after baking, it was able to be failed easily to scratch this. 
[0046] When the size of the substrate after this baking was measured and the contraction was calculated, it was 0.5% or 
less. Moreover, the depression on the front face of a substrate was not produced, either. 

[0047] (Example 2) As a glass ceramic of substrate material, the constituent the end of a Si02-aluminum203-CaO- 
BaO-MgO glass powder and whose alumina powder are 70 to 30 in a volume ratio was used. This glass ceramic 
powder was made into the mineral constituent, and as an organic binder, the phthalic ester was mixed as acrylic resin 
and a plasticizer, the mixed liquor (30 to 70-fold quantitative ratio) of toluene and ethyl alcohol was mixed as a solvent, 
and it considered as the slurry. The sintering start temperature of this glass ceramic was 800 degrees C. 
[0048] Sheet fabrication of this slurry was carried out on the organic film by the doctor blade method. In this way, the 
silver paste and the dielectric paste were used for the obtained green sheet, and formation of a conductor pattern and 
formation of a capacitor were performed with screen printing, a conductor - the paste made the mineral constituent Ag 
powder (3.5 micrometers of mean particle diameters), and used what was mixed so that it might become moderate 
viscosity with 3 rolls in addition with the vehicle which melted the acrylic resin which is an organic binder of all 
[ TEREPINE ] and butyl carbitol acetate a dielectric paste - perovskite compound the vehicle which made the mineral 
constituent Pb(Mgl/3Nb 2/3) 03-PbTi03 powder (0.6 micrometers of mean particle diameters), added the sintering 
acid, and melted the acrylic resin which is an organic binder of all [ TEREPINE ] and butyl carbitol acetate - in 
addition, what was mixed so that it might become moderate viscosity with 3 rolls was used 

[0049] next, quartz powder (1.9 micrometers of mean particle diameters) - the end of a lead-silicate aluminum glass 
powder (66PbO-30SiO2-4aluminum 203 (mol%), the mean particle diameter of 1.0 micrometers, liquid phase 
generation temperature of 760 degrees C) - 10wt(s)% - what was added was made into the mineral constituent, and as 



an organic binder, the phthalic ester was mixed as acrylic resin and a plasticizer, the mixed liquor (30 to 70-fold 
quantitative ratio) of toluene and ethyl alcohol was mixed as a solvent, and it Sheet fabrication of this slurry was 
carried out by the same method as the green sheet for substrates. Both the thickness of the aforementioned green sheet 
for substrates and the quartz green sheet which added lead-silicate aluminum glass was about 200 micrometers. 
[0050] The green sheet which consists what performed printing of the dielectric paste for a conductor pattern and 
capacitors to the aforementioned green sheet for substrates of a predetermined number-of-sheets pile and a quartz 
which added lead-silicate aluminum glass to the both sides further was piled up. Thermocompression bonding was 
carried out in this state, and the layered product was formed. Temperature was made thermocompression bonding 
conditions 50 degrees C, and the pressure was made into 100 kg/cm2. The composition is shown in drawing 1 . Two or 
more sheet laminating of the green-sheet layer 1 by the aforementioned substrate material is carried out, the green-sheet 
layer 2 which consists of a quartz which added lead-silicate aluminum glass as a sheet for suppressing contraction of 
the direction of a flat surface to the both sides is formed, and the internal-electrode layer 3 and the dielectric layer 4 are 
formed in the interior of a substrate. 

[0051] Next, the aforementioned layered product was carried and calcinated to the alumina setter. Baking conditions 
were calcinated for 10 minutes at 900 degrees C after the ** binder end by 350 degrees C among air at the belt furnace. 
It calcinated by [ as carrying an alumina sintering board and pressurizing ] in order to prevent the curvature of a 
substrate at this time and to help sintering contraction of the thickness direction. 

[0052] The sintered compact of the sheet for suppressing contraction of the direction of a flat surface formed in both 
sides of a ceramic layered product had peeled after baking. 

[0053] When the size of the substrate after this baking was measured and the contraction was calculated, it was 0.5% or 
less. Moreover, the depression of the front face of a substrate was not produced, either. 

[0054] (Example 3) As a glass ceramic of substrate material, the constituent the end of Si02-aluminum203-CaO-SrO- 
MgO-B203 glass powder and whose alumina powder are 70 to 30 in a volume ratio was used. This glass ceramic 
powder was made into the mineral constituent, and as an organic binder, the phthalic ester was mixed as acrylic resin 
and a plasticizer, the mixed liquor (30 to 70-fold quantitative ratio) of toluene and ethyl alcohol was mixed as a solvent, 
and it considered as the slurry. The sintering start temperature of this glass ceramic was 750 degrees C. 
[0055] Sheet fabrication of this slurry was carried out on the organic film by the doctor blade method. In this way, the 
silver paste was used for the obtained green sheet, and the conductor pattern was formed with screen printing, a 
conductor - the paste made the mineral constituent Ag powder (3.5 micrometers of mean particle diameters), and used 
what was mixed so that it might become moderate viscosity with 3 rolls in addition with the vehicle which melted the 
acrylic resin which is an organic binder of all [ TEREPINE ] and butyl carbitol acetate 

[0056] next, quartz powder (1.1 micrometers of mean particle diameters) - the end of a HOU silicic acid alkali glass 
powder (42Si02-26Na20-32 B-2 03 (mol%) -) 1.0 micrometers of mean particle diameters, and 557 degrees C of 
softening temperatures -- 1, 2, 3, and 5wt% ~ what was added was made into the mineral constituent, and as an organic 
binder, the phthalic ester was mixed as acrylic resin and a plasticizer, the mixed liquor (30 to 70- fold quantitative ratio) 
of toluene and ethyl alcohol was mixed as a solvent, and it considered as the slurry Sheet fabrication of this slurry was 
carried out by the same method as the green sheet for substrates. Both the thickness of the aforementioned green sheet 
for substrates and the quartz green sheet which added HOU silicic acid alkali glass was about 200 micrometers. 
[0057] The green sheet which consists what printed the conductor pattern of a predetermined number-of-sheets pile and 
a quartz which added HOU silicic acid alkali glass to the both sides further was laid on top of the aforementioned green 
sheet for substrates. Thermocompression bonding was carried out in this state, and the layered product was formed. 
Temperature was made thermocompression bonding conditions 50 degrees C, and the pressure was made into 100 
kg/cm2. The composition is shown in drawing 2 . Two or more sheet laminating of the green-sheet layer 1 1 by the 
aforementioned substrate material is carried out, the green-sheet layer 12 which consists of a quartz which added 
HOUKEI acid alkali glass as a sheet for suppressing contraction of the direction of a flat surface to the both sides is 
formed, and the internal-electrode layer 13 is formed in the interior of a substrate. 

[0058] Next, the aforementioned layered product was carried and calcinated to the alumina setter. At the belt furnace, 
baking conditions performed the ** binder end back at 350 degrees C among air, and performed baking for 10 minutes 
at 900 degrees C. It calcinated by [ as carrying an alumina sintering board and pressurizing ] in order to prevent the 
curvature of a substrate at this time and to help sintering contraction of the thickness direction. 
[0059] The sintered compact of the sheet for suppressing contraction of the direction of a flat surface formed in both 
sides of a ceramic layered product also about which thing had peeled after baking. 

[0060] When the size of the substrate after this baking was measured and the contraction was calculated, it was 0.5% or 
less. 

(Example 4) As a glass ceramic of substrate material, the constituent the end of Si02-aluminum203-CaO-SrO-MgO- 
B203 glass powder and whose alumina powder are 70 to 30 in a volume ratio was used. This glass ceramic powder 



was made into the mineral constituent, and as an organic binder, the phthalic ester was mixed as acrylic resin and a 
plasticizer, the mixed liquor (30 to 70-fold quantitative ratio) of toluene and ethyl alcohol was mixed as a solvent, and 
it considered as the slurry. The sintering start temperature of this glass ceramic was 750 degrees C. 
[0061] Sheet fabrication of this slurry was carried out on the organic film by the doctor blade method. In this way, the 
silver paste was used for the obtained green sheet, and the conductor pattern was formed with screen printing, a 
conductor ~ the paste made the mineral constituent Ag powder (3.5 micrometers of mean particle diameters), and used 
what was mixed so that it might become moderate viscosity with 3 rolls in addition with the vehicle which melted the 
acrylic resin which is an organic binder of all [ TEREPINE ] and butyl carbitol acetate 

[0062] next, quartz powder (1.1 micrometers of mean particle diameters) — a sodium carbonate — 0.2, 0.5, and 1.3wt% 
— what was added was made into the mineral constituent, and as an organic binder, the phthalic ester was mixed as 
acrylic resin and a plasticizer, the mixed liquor (30 to 70-fold quantitative ratio) of toluene and ethyl alcohol was mixed 
as a solvent, and it considered as the slurry Sheet fabrication of this slurry was carried out by the same method as the 
green sheet for substrates. Both the thickness of the aforementioned green sheet for substrates and the green sheet 
which consists of a quartz which added the sodium carbonate was about 200 micrometers. 

[0063] The green sheet which consists what printed the conductor pattern of a predetermined number-of-sheets pile and 
a quartz which added the sodium carbonate to the both sides further was laid on top of the aforementioned green sheet 
for substrates. Thermocompression bonding was carried out in this state, and the layered product was formed. 
Temperature was made thermocompression bonding conditions 50 degrees C, and the pressure was made into 100 
kg/cm2. The composition is shown in drawing 2 . Two or more sheet laminating of the green- sheet layer 1 1 by the 
aforementioned substrate material is carried out, the green-sheet layer 12 which consists of a quartz which added the 
sodium carbonate as a sheet for suppressing contraction of the direction of a flat surface to the both sides is formed, and 
the internal-electrode layer 13 is formed in the interior of a substrate. 

[0064] Next, the aforementioned layered product was carried and calcinated to the alumina setter. At the belt furnace, 
baking conditions performed the ** binder end back at 350 degrees C among air, and performed baking for 10 minutes 
at 900 degrees C. It calcinated by [ as carrying an alumina sintering board and pressurizing ] in order to prevent the 
curvature of a substrate at this time and to help sintering contraction of the thickness direction. 
[0065] The sintered compact of the sheet for suppressing contraction of the direction of a flat surface formed in both 
sides of a ceramic layered product also about any thing had peeled after baking. 

[0066] When the size of the substrate after this baking was measured and the contraction was calculated, it was 0.5% or 
less. 

[0067] (Example 5) As a glass ceramic of substrate material, the constituent the end of Si02-aluminum203-CaO-SrO- 
MgO-B203 glass powder and whose alumina powder are 70 to 30 in a volume ratio was used. This glass ceramic 
powder was made into the mineral constituent, and as an organic binder, the phthalic ester was mixed as acrylic resin 
and a plasticizer, the mixed liquor (30 to 70-fold quantitative ratio) of toluene and ethyl alcohol was mixed as a solvent, 
and it considered as the slurry. The sintering start temperature of this glass ceramic was 750 degrees C. 
[0068] Sheet fabrication of this slurry was carried out on the organic film by the doctor blade method. In this way, the 
silver paste was used for the obtained green sheet, and the conductor pattern was formed with screen printing, a 
conductor » the paste made the mineral constituent Ag powder (3.5 micrometers of mean particle diameters), and used 
what was mixed so that it might become moderate viscosity with 3 rolls in addition with the vehicle which melted the 
acrylic resin which is an organic binder of all [ TEREPINE ] and butyl carbitol acetate 

[0069] Next, what mixed tridymite powder (1.5 micrometers of mean particle diameters) and quartz powder (1.1 
micrometers of mean particle diameters) by the weight ratio 1:2, 1:1, and 2:1 was made into the mineral constituent, 
and as an organic binder, the phthalic ester was mixed as acrylic resin and a plasticizer, the mixed liquor (30 to 70-fold 
quantitative ratio) of toluene and ethyl alcohol was mixed as a solvent, and it considered as the slurry, in addition, a 
tridymite - a quartz - K2C03 - 3wt(s)% - it added and produced by heat-treating at 1400 degrees C for 10 hours 
Sheet fabrication of this slurry was carried out by the same method as the green sheet for substrates. Both the thickness 
of a green sheet it is thin from the mixture of the aforementioned green sheet for substrates and a tridymite, and a 
quartz was about 200 micrometers. 

[0070] The predetermined number-of-sheets pile and the green sheet which becomes the both sides from a tridymite, a 
quartz, and mixture further were laid on top of the aforementioned green sheet for substrates for what printed the 
conductor pattern. Thermocompression bonding was carried out in this state, and the layered product was formed. 
Temperature was made thermocompression bonding conditions 50 degrees C, and the pressure was made into 100 
kg/cm2. The composition is shown in drawing 2 . Two or more sheet laminating of the green-sheet layer 1 1 by the 
aforementioned substrate material is carried out, the green-sheet layer 12 which consists of mixture of a tridymite and a 
quartz as a sheet for suppressing contraction of the direction of a flat surface to the both sides is formed, and the 
internal-electrode layer 13 is formed in the interior of a substrate. 



[0071] Next, the aforementioned layered product was carried and calcinated to the alumina setter. At the belt furnace, 
taking conditions performed the ** binder end back at 350 degrees C among air, and performed baking for 10 minutes 
at 900 degrees C. It calcinated by [ as carrying an alumina sintering board and pressurizing ] in order to prevent the 
curvature of a substrate at this time and to help sintering contraction of the thickness direction. 
[0072] The sintered compact of the sheet for suppressing contraction of the direction of a flat surface formed in both 
sides of a ceramic layered product also about which thing had peeled after baking. 

[0073] When the size of the substrate after this baking was measured and the contraction was calculated, it was 0.5% or 
less. 

(Example 6) As a glass ceramic of substrate material, the constituent the end of Si02-aluminum203-CaO-SrO-MgO- 
B203 glass powder and whose alumina powder are 70 to 30 in a volume ratio was used. This glass ceramic powder 
was made into the mineral constituent, and as an organic binder, the phthalic ester was mixed as acrylic resin and a 
plasticizer, the mixed liquor (30 to 70- fold quantitative ratio) of toluene and ethyl alcohol was mixed as a solvent, and 
it considered as the slurry. The sintering start temperature of this glass ceramic was 750 degrees C. 
[0074] Sheet fabrication of this slurry was carried out on the organic film by the doctor blade method. In this way, the 
silver paste was used for the obtained green sheet, and the conductor pattern was formed with screen printing, a 
conductor — the paste made the mineral constituent Ag powder (3.5 micrometers of mean particle diameters), and used 
what was mixed so that it might become moderate viscosity with 3 rolls in addition with the vehicle which melted the 
acrylic resin which is an organic binder of all [ TEREPINE ] and butyl carbitol acetate 

[0075] Next, what mixed tridymite powder (1.5 micrometers of mean particle diameters) and alumina powder (1.1 
micrometers of mean particle diameters) by the weight ratio 1:1 and 2:1 was made into the mineral constituent, and as 
an organic binder, the phthalic ester was mixed as acrylic resin and a plasticizer, the mixed liquor (30 to 70-fold 
quantitative ratio) of toluene and ethyl alcohol was mixed as a solvent, and it considered as the slurry, in addition, a 
tridymite - a quartz - K2C03 - 3wt(s)% - it added and produced by heat-treating at 1400 degrees C for 10 hours 
Sheet fabrication of this slurry was carried out by the same method as the green sheet for substrates. Both the thickness 
of a green sheet it is thin from the mixture of the aforementioned green sheet for substrates and a tridymite, and an 
alumina was about 200 micrometers. 

[0076] The predetermined number-of-sheets pile and the green sheet which becomes the both sides from the mixture of 
a tridymite and an alumina further were laid on top of the aforementioned green sheet for substrates for what printed 
the conductor pattern. Thermocompression bonding was carried out in this state, and the layered product was formed. 
Temperature was made thermocompression bonding conditions 50 degrees C, and the pressure was made into 100 
kg/cm2. The composition is shown in drawing 2 . Two or more sheet laminating of the green-sheet layer 1 1 by the 
aforementioned substrate material is carried out, the green-sheet layer 12 which consists of mixture of a tridymite and 
an alumina as a sheet for suppressing contraction of the direction of a flat surface to the both sides is formed, and the 
internal-electrode layer 13 is formed in the interior of a substrate. 

[0077] Next, the aforementioned layered product was carried and calcinated to the alumina setter. At the belt furnace, 
baking conditions performed the ** binder end back at 350 degrees C among air, and performed baking for 10 minutes 
at 900 degrees C. It calcinated by [ as carrying an alumina sintering board and pressurizing ] in order to prevent the 
curvature of a substrate at this time and to help sintering contraction of the thickness direction. 
[0078] The sintered compact of the sheet for suppressing contraction of the direction of a flat surface formed in both 
sides of a ceramic layered product had peeled after baking. 

[0079] When the size of the substrate after this baking was measured and the contraction was calculated, it was 0.5% or 
less. 

[0080] In addition, the same effect will be acquired if sintering of the tridymite in which a cristobalite exists as an 
unusual appearance in the sintering process of a substrate takes place even if a cristobalite exists as a tridymite and an 
inside unusual appearance. 

[0081] In addition, in examples 1-6, although calcinated by [ as carrying an alumina sintering board and pressurizing in 
the case of baking of a multilayer glass ceramic substrate ], since the layer was formed in both sides in the green sheet 
which suppresses contraction of the direction of a flat surface, even if there was not a load or ** in a layered product, 
the same effect was acquired. 

[0082] (Example 1 of comparison) As a glass ceramic of substrate material, the constituent the end of a Si02- 
aluminum203-CaO-BaO-MgO glass powder and whose alumina powder are 70 to 30 in a volume ratio was used. This 
glass ceramic powder was made into the mineral constituent, and as an organic binder, the phthalic ester was mixed as 
acrylic resin and a plasticizer, the mixed liquor (30 to 70-fold quantitative ratio) of toluene and ethyl alcohol was mixed 
as a solvent, and it considered as the slurry. The sintering start temperature of this glass ceramic was 800 degrees C. 
[0083] Sheet fabrication of this slurry was carried out on the organic film by the doctor blade method. In this way, the 
silver paste and the dielectric paste were used for the obtained green sheet, and formation of a conductor pattern and 



formation of a capacitor were performed with screen printing, a conductor — the vehicle which the paste made the 
mineral constituent Ag powder (3.5 micrometers of mean particle diameters), and melted the acrylic resin which is an 
organic binder of all [ TEREPINE ] and butyl carbitol acetate — in addition, what was mixed so that it might become 
moderate viscosity with 3 rolls was used a dielectric paste — perovskite compound the vehicle which made the mineral 
constituent Pb(Mgl/3Nb 2/3) 03-PbTi03 powder (0.6 micrometers of mean particle diameters), added the sintering 
acid, and melted the acrylic resin which is an organic binder of all [ TEREPINE ] and butyl carbitol acetate - in 
addition, what was mixed so that it might become moderate viscosity with 3 rolls was used 

[0084] Next, alumina powder (1.1 micrometers of mean particle diameters) was made into the mineral constituent, and 
as an organic binder, the phthalic ester was mixed as acrylic resin and a plasticizer, the mixed liquor (30 to 70-fold 
quantitative ratio) of toluene and ethyl alcohol was mixed as a solvent, and it considered as the slurry. The sheet was 
fabricated for this slurry by the same method as the green sheet for substrates. Both the thickness of the aforementioned 
green sheet for substrates and an alumina green sheet was about 200 micrometers. 

[0085] The predetermined number-of-sheets pile and the green sheet which becomes both sides of the best layer and the 
lowest layer from an alumina further were piled up for what performed printing of the dielectric paste for a conductor 
pattern and capacitors to the aforementioned green sheet for substrates. Thermocompression bonding was carried out in 
this state, and the layered product was formed. Temperature was made thermocompression bonding conditions 50 
degrees C, and the pressure was made into 100 kg/cm2. The composition of this substrate is shown in drawing 1 . Two 
or more sheet laminating of the green-sheet layer 1 by the aforementioned substrate material is carried out, the green- 
sheet layer 2 which consists of an alumina as a sheet for suppressing contraction of the direction of a flat surface to the 
both sides is formed, and the internal-electrode layer 3 and the dielectric layer 4 are formed in the interior of a 
substrate. 

[0086] Next, the aforementioned layered product was carried and calcinated to the alumina setter. At the belt furnace, 
baking conditions performed the ** binder back at 350 degrees C among air, and performed baking for 10 minutes at 
900 degrees C. It calcinated by [ as carrying an alumina sintering board and pressurizing ] in order to prevent the 
curvature of a substrate at this time and to help sintering contraction of the thickness direction. 
[0087] The alumina existed in both sides of the ceramic layered product after baking, and in order to remove this, 20 
minutes of ultrasonic cleaning was required. 

[0088] this invention is set at the production process of a multilayered ceramic substrate as mentioned above. A quartz, 
The green sheet which consists of a constituent containing at least one sort of a cristobalite and a tridymite, Or the 
green sheet which consists of the aforementioned constituent containing a sintering acid, Or by calcinating the 
multilayered-ceramic-substrate green layered product which has the green sheet which consists of a tridymite sintered 
with the burning temperature of glass ceramic material, and a constituent containing the oxide which is not sintered in 
baking process to both sides The multilayer substrate to which contraction by sintering does not take place at all in the 
direction of a flat surface is obtained. Moreover, the green-sheet layer for preventing contraction of the direction of a 
flat surface established in both sides of the aforementioned substrate can be easily removed after a baking end. 
[0089] 

[Effect of the Invention] A glass ceramic substrate can contract only the thickness direction at the time of baking, and 
this invention can obtain the multilayer glass ceramic substrate in the good state where it does not contract, in the 
direction of a flat surface so that clearly from having stated above. 

[0090] Since phase transformation happens and the constituent which was used in order to suppress contraction of the 
direction of a flat surface of this multilayer glass ceramic substrate and which carried out the laminating to both sides 
changes thermal-contraction behavior rapidly by the temperature of transformation in baking process at the time of 
cooling, for this reason, stress can remove it easily between multilayer glass ceramics, working hours can be shortened, 
and work is simplified. 

[0091] The substrate of the same size is always obtained, without being dependent on the conditions of the inorganic- 
material and others above-mentioned for substrates which this uses for a multilayer substrate. Moreover, since it is not 
necessary to count a circuit pattern backward and how many screen versions are not remade even if it calcinates inner 
layer wiring like the above-mentioned in production of a multilayer glass ceramic substrate similarly, it is economical. 
[0092] this invention is effective invention which solves the technical problem of the contraction error it is without 
error in the biggest technical problem of a green-sheet laminated layers method, and makes the routing easy as 
mentioned above. 



[Translation done.] 



